New approach for the classification of the Black Pine forest communities in Bulgaria was made in the paper. The analysis of forest pytocoenoses from Vlahina, East and West Rhodopi and Balkan Range Mountains confirmed their separation into two classes -Quercetea pubescentis (low-altitudinal) and Erico-Pinetea (highaltitudinal). The second class is represented from one polymorphic association Seslerio latifoliae-Pinetum nigrae whereas the other group is represented from two new associations. The association Junipero deltoidi-Pineteum pallasianae is more related to the surrounding thermophilous oak forests as well as the association Lathyro laxiflori-Pinetum pallasianae is more similar to the hornbeam and beech forests.
Introduction
The Black pine (Pinus nigra) has wide range of distribution occupying territories from Central and South Europe to the South-West Asia and in this range it is strongly variable (Gaussen et al. 1993) . Several subspecies are known from the different parts of Europe and Asia Minor but especially the subspecies Pinus nigra subsp. pallasiana occurs in Bulgaria (see Stoyanov 1963 , Gaussen et al. 1993 , Liber et al. 2003 . Strong variability amongst the populations of Black Pine in Bulgaria also was recorded (Naydenov et al. 2006 (Naydenov et al. , 2015 which is a good evidence for their relict origin and the insular isolation within the surrounded forest types dominated from oak, beech or other coniferous species, mostly Picea abies and Pinus sylvestris.
According to Bondev (1991 Bondev ( , 2002 and Roussakova & Valchev (2015) the communities of Black Pine belong to the Mediterranean vegetation forest type in Bulgaria. The species is xerothermic with large range of altitude, from 400 up to 1800 m alt. Presently, the main part of the Black pine forests in Bulgaria occur between (600) 800 and 1300-1500 m alt., mainly in steep slope areas. The forests occur in different vegetation belts, from the xerothermic oak belt, through the mesophilous hornbeam-beech forests up to the microthermic coniferous forests. Hence they fall within different climatic and phytogeographical territorial subdivisions which also reflect on their classification. These forest communities occur mostly in Rhodope, Vlahina and Pirin Mts. and to a more limited extent in Slavyanka, Rila, Osogovo Mts., the low mountains of West Bulgaria, the Balkan Range and Forebalkan (Roussakova & Valchev 2015) . According to Panayotov & Yurukov (2016) the natural Black Pine forests in Bulgaria cover area about 37500 ha. This calculation is a little bit different from the area cited in the Red Data Book of Bulgaria, vol. 3 -39940 ha (see Gussev & Tzonev 2015) on the basis of models produced from Bulgaria Forest Database.
These communities have conservation significance because the habitat of Black Pine is included in Annex № 1 of Habitat Directive and Bulgarian Biodiversity Act and is of conservation priority. Parts of the communities of Pinus nigra subsp. pallasiana are within protected areas and in sites from the European Ecological Network NATU-RA 2000. Some of the Bulgarian reserves like Chamdzha, Kazanite, Kastrakli, Boraka, Gabra, Borovec, etc. were especially established to protect the genetic resources of natural Black Pine forests. The Black Pine communities also were assessed in the Red List Assessment of European Habitats (see Janssen et al. 2016) as "Least Concern" within the habitat G3.4b Temperate and submediterranean montane Pinus sylvestris-nigra woodland.
The natural and human-forested communities of Black Pine have significant importance in Bulgaria (Vlasev 1966) . They are used as a construction material, for resin, and by the local people for the production of pine splinters. It has also ornamental features. But also thousands of hectares have been planted because of aesthetic and anti-erosion purposes in many areas in Bulgaria where the species is not native. According to Panayotov & Yurukov (2016) the Black Pine plantations in Bulgaria occupy one area of 272000 ha (7 times more than the natural forests) and near 80% of them are in the altitudinal belt between 0 and 700 m. But the origin of genetic material in many cases is not known and even is from different subspecies and also hybrids from France, Italy and other European countries.
The natural communities of Black Pine in Bulgaria have been object of numerous studies according to the dominant methodology (see Lavrenko 1959 ) most of them summarised by Apostolova & Slavova (1997) . Mainly they were focused on these Black Pine forests in the protected areas and especially the reserves like Borovec (Bondev & Lyubenov 1985) , Chamluka (Bondev & Lyubenova 1985) , Gabra (Bondev & Lazarov 1995 , Gussev et al. 2005 , Boraka (Velchev et al. 1985) , Kastrakli (Meshinev 1985) , Chervenata Stena (Nikolov & Nikolov 1984) as well as some mountain areas in Bulgaria like the basin of Chepelarska river and south of Smolyan Town in Rhodope Mts. (Gorunova & Kochev 1992 , Meshinev 1995 , Osogovska Mts. (Zahariev 1934 , Lazarov 1995 , Plana Mts. (Penev 1938) , Vitosha Mt. (Petkov 1921) , Middle Rhodopi (Stranski 1921 ), Slavyanka Mt. (Stoyanov 1921 or specific communities like these ones with Black Pine and Bearberry (see Roussakova et al. 1991) . Some data for the structure and the distribution of the Black Pine forests in Bulgaria also have in the works of Bondev & Yordanova (1973) , Bondev (1991 Bondev ( , 2002 , Velchev (2002) and Roussakova et al. (1991) . The habitat of Black Pine forests in Bulgaria (36G3 Forests of Black pine (Pinus nigra subsp. pallasiana)) was described by Roussakova & Valchev (2015) . Only study according to the Braun-Blanquet methodology is the recent research of the flora and vegetation of Chamdzha Reserve in Stara Planina Mts. (Vassilev & Gavrilova 2016) , but because of insufficient phytocoenological materials the syntaxon was given only on a community level.
The studies on these communities on the Balkan and Western Anatolian Peninsula are more numerous but most of them are not very close to Bulgaria and therefore not provide sufficient information to conclude for the classification of such communities in this central part of Balkan Peninsula. More or less complete information for Black Pine forests from the surrounding countries of Bulgaria was given for Greece (Debazac 1970 , Barbero R. Tzonev, M. Dimitrov, Ch. Gussev, V. Vulchev, & I. Nikolov Classification of the relict forest communities of Palla's Black Pine (Pinus nigra subsp. pallasiana) in Bulgaria & Quezel 1976 , Bergmeier 1990 , Dimopoulos & Georgiadis 1995 , Albania (Dring et al. 2002) , the countries of former Yugoslavia (Em 1962 , 1978 , Domac 1965 , Mišić 1981 , Trinajstić 1986 , 1998 , Škorić & Vasić (eds.) 2006 , Zupančič 2007 , Popović et al. 1997 , Milosavljević et al. 2008 , Ostojić & Jovanović 2008 , Sedlar et al. 2011 , Turkey (Aksoy & Gemici 1980 , Akman et al. 1979 , Quézel et al. 1980 , Ketenoğlu et al. 2010 , as well as the whole Balkan Peninsula or some parts of the Mediterranean region (Horvat 1959 , Horvat et al. 1974 , Debazac 1971 , Seibert 1992 , Regato et al. 1995 , Poldini & Vidali 1999 , Brullo et al. 2001 .
The aim of the present study is to make an attempt to establish classification sheme of the relict natural communities of Palla's Black Pine forests in Bulgaria. More detail descriptions of their ecological, floristic and dynamic peculiarities and their origin also were object of this research.
Material and methods
The plant communities of study sites were investigated during the period between years 1991-2014. The principles and methods of the Zürich-Montpellier School (Braun-Blanquet 1964 , Mueller-Dombois & Ellenberg 1974 , Westhoff & van der Maarel 1978 were applied.
The sample plot size varies between 200 to 600 sq. m because of the open structure of Black Pine forests. More than 100 relevés were used to cover some of the most important localities of Black Pine communities in Bulgaria like East and West Rhodope, Central Balkan Range, Vlachina Mountains, etc. (Figure 1 ). At each sampling plot a complete list of the present species (vascular plants) was recorded, together with their cover-abundance value according to the 7-degree Braun-Blanquet scale and transformed as proposed by van der Maarel (1979) . The plant nomenclature follows Delipavlov et al. (2003) .
All data analysis was performed with the SYN-TAX 2000 program package (Podani 2001) . Average linkage method (UPGMA) and Principal Coordinate Analysis (PCoA) were used to evaluate floristic similarity between relevés or respectively established syntaxa according to the Horn's index (Horn 1966) . UPGMA (Unweighted Pair Group Method with Arithmetic Mean) is a simple agglomerative or hierarchical clustering method used widespread in the phytocoenological studies (van der Maarel & Franklin 2013) . UPGMA clustering is more robust and has a better goodness of fit to dissimilarities than complete and single linkage classifications (Podani & Schmera 2006) . The Horn's index is an information theoretic index of community similarity (commu- 
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The synaxa were compared according their floristic structure and the constancy classes of the taxa. The synoptic similarity also was evaluated using also PCoA and average linkage method (UPGMA) using Horn's index. Principal Coordinates Analysis (PCoA = Multidimensional scaling, MDS) is a method to explore and visualize similarities or dissimilarities of data. It starts with a similarity matrix or dissimilarity matrix (= distance matrix) and assigns for each item a location in a low-dimensional space, e.g. as a 3D graphics. This analysis was pioneered by Gower (1966) as an alternative to PCA better suited to ecological datasets. This analysis was used in the study only on association level to establish the main gradient for differentiations amongst them.
The syntaxa names and the names of their authors are given according to ICPN (Weber et al. 2000) . The leading for the determination of synoptic schema was the work of Mucina et al. (2016) .
Results
The results of the analyses, demonstrated the existing of two main groups of Black Pine communities (Figure 2 ) that correspond to two vegetation classes. They could be presented in the following syntaxonomic scheme:
Class 1  2  11  14  16  13  12  15  80  81  91  93  82  83  90  88  84  84  89  92  85  86  87  3  7  4  5  8  6  9  10  17  19  10  48  51  53  52  54  17  18  29  22  21  19  20  27  25  26  23  24  26  30  31  41  42  32  35  36  34  37  33  38  39  40  55  57  56  67  68  69  72  73  74  59  58  75  76  78  77  66  70  71  79  60  63  62  65  61  64  43  44  46  43 17/2 • 2018, 125-161 (Figure 7 ) was included in the scope of described in Former Yugoslavia (FYR Macedonia) association Seslerio latifoliae-Pinetum nigrae Em 1978. Its range was expanded to all central Balkan Mountains and its floristic and ecological structure is accepted to be more polymorphic. This association is represented from different geographical synvicariant Black Pine communities distributed mostly inside the coniferous vegetation dominated from Scot Pine and/or Spruce. But these Pinus nigra communities, because of their lower competitive possibilities comparing with the dominant coniferous species, are isolated on not very large spots on some sometimes very steep and rocky slopes of mountain valleys or gorges. There is a clear dominant role of Sesleria latifolia in the herbaceous layer -Balkan endemic -ecological and geographical vicariant of some other similar species like Sesleria robusta in southern and western parts of the Balkan Peninsula. This association is also synvicariant to the described in Kato Olimbos Seslerio robustae-Pinetum pallasianae Barbero et Quezel 1976 corr. Bergmeier 1990 , which is similar but richer in endemic and oro-mediterranenan species. Such species are Sesleria robusta, Centaurea pindicola, Polygala nicaeensis subsp. mediterranea, etc.
The association Seslerio latifoliae-Pinetum nigrae Em 1978 was described from the region of Baba Mountain (Pelister). The most of diagnostic species could be found also in the high-altitudinal Black Pine forests from West Rhodope and Central Balkan Range like Sesleria latifolia (dominant), Iberis sempervirens, Daphne blagayana. It could be summarized that the association described by Em (1978) is distributed in the Central Balkans and probably the distribution in Baba (Pelister) Mt. is on the periphery of its range, on the border with Dinaride Mountain System where Pinus nigra subsps. dalmatica occurs. Em (1978) did not give holotypus of the association according to the requirements of ICPN (Weber et al. 2000) but the association was validly described because it was described before 01.01.1979. Two cluster groups (see Figure 2 ) from Erico-Pinetea from Bulgaria could be accepted as a part of this association in a broad sense of meaning. But the communities on the southern slopes of Central Balkan Range are closer to described from Em (1978) association than these ones from Rhodope Mts. which are geographically closer. It is the reason to describe the high-altitudinal Rhodopean Black Pine forests as a new sub-association while the Central Balkan group is accepted as belonging to the typical subassociation. This syntaxonomic decision will expand the range of described association from Em (1978) to the north and east direction. The common species in all communities are widespread in different forest types -such are Primula veris, Dactylis glomerata, Euphorbia amygdaloides, Cruciata glabra. The community from Chervenata Stena Reserve includes also the Balkan endemic Pulsatilla halleri subsp. rhodopaea which is part of species complex diagnostic to the class Erico-Pinetea. Future investigations will decide where is the place of these or similar to them forest communities which are widespread in many places in the Bulgarian mountains.
Discussion
As a conclusion we can summarise some common feature in all described Black Pine communities in Bulgaria. Everywhere they are fragments of older (relict) vegetation. Well-preserved parts of the relict forests that are with preserved composition and structure of the autochthonous vegetation are very rare. Apart from the autochthonous communities also secondary ones exist. They occur in the three climatic zones in Bulgaria: moderate continental, transitional and continental-Mediterranean. They inhabit steep slopes mainly with southern aspect. The Black Pine forests prefer alkaline rocks but in Rhodope Mts. they can occur also on other types of bedrock. The Black Pine is rarely clear dominant but often forms mixed communities with various coniferous and deciduous tree species that have xerothermic or meso-xerothermic characteristics. But the natural habitats of the species have been strongly reduced. The forests have been destroyed as a result of various economic activities (including unregulated logging) or have been replaced by Quercus dalechampii, Fagus sylvatica, etc. as a result of natural successions. Parts of the communities have been turned into open (sparse) forests (Roussakova & Valchev 2015) .
Everywhere in its natural range, the Black Pine communities are usually small, relict and isolated inside the dominant forest types. The last ones could be coniferous forests from Vaccinio-Piceetea in the mountains, or deciduous forests from Quercetea pubescentis, Quercetea robori-petraeae or Carpino-Fagetea (depending from the altitude and latitude), or even evergreen from Quercetea ilicis in the southernmost parts of this range. It is the main reason for describing of many Black Pine associations usually with small areas everywhere in the species range. This situation is repeating in all neighbouring of Bulgaria countries where this subspecies occurs. But it is also the same with the communities of other subspecies like Pinus nigra subsp. dalmatica, Pinus nigra subsp. banatica, Pinus nigra subsp. calabrica, Pinus nigra subsp. salzmanii, etc. (see Trinajstić 1986 , 1998 , Regato et al. 1995 , Dring et al. 2002 , Brullo et al. 2001 , Zupančič 2007 , Sedlar et al. 2011 , Coldea 2015 .
In former Yugoslavia the subspecies Pinus nigra subsp. pallasiana appear in communities in the southern and eastern parts of FYR Macedonia and Eastern Serbia (Horvat 1959 , Em 1962 , Horvat et al. 1974 , Škorić & Vasić 2006 . Besides the association Seslerio latifoliae-Pinetum nigrae, Em (1978) has described also R. Tzonev, M. Dimitrov, Ch. Gussev, V. Vulchev, & I. Nikolov Classification of the relict forest communities of Palla's Black Pine (Pinus nigra subsp. pallasiana) in Bulgaria the associations Lathyro versicoloris-Pinetum nigrae and Pulsatillo macedonicae-Pinetum nigrae. But they are with limited geographical distribution.
In Serbia, the subspecies is located only in the eastern part of the country -the valleys of Resava, Jerma and Lazareva Rivers, Suva, Ducat and Crnook Mts. (Avramović et al. 2006 ). In the last one is located the single reserve (Jarešnik) of Palla's Black Pine forests in the country (see Ostoić & Jovanović 2008) . But there are not really validly published associations from the country, which can be compared with the neighbouring similar in Bulgaria. The associations Seslerio-Pinetum pallasianae N. Rand et al. 2006 , Vaccinio-Pinetum pallasianae N. Rand et al. 2006 , published and cited also by Milosavljević et al. (2008) , are "nomen nudum". Not valid is also the association Taxo-Pinetum nigrae Mišić 1981 and it was correctly cited as a community from Ostoić & Jovanović (2008) . The indirectly cited floristic structure of these communities indicated their closer similarity to Erico-Pinetea, than to Quercetea pubescentis, but for more precise comparison releves are necessary to be availible. The syntaxa described in East Serbia also include two associations with very limited distribution: Humileto-Pinetum nigrae Jovanović 1956 and Colurno-Pinetum nigrae Jovanović 1951. According to Tatić & Tomović (2006) both last mentioned syntaxa belong to one association -Carici humilis-Pinetum nigrae B. Jovanović 1956 from Suva Mt. and Sukovska Reka locality. The diagnostic species of the association were not indicated, but the floristic structure and ecological and geographical peculiarities have proved that it is another and different syntaxon with many diagnostic for class Festuco-Brometea species like Carex humilis, Sesleria filifolia, Galium purpureum, Achillea clypeolata, Melica ciliata, etc.
The presence of Pinus nigra subsp. pallasiana in Romania according to Boşcaiu & Boşcaiu, (1999) is located only in south-westernmost part of the country. The single described association Genisto radiatae-Pinetum pallasianae (Fekete 1959) Resmeriţa 1972 has the diagnostic species Genista radiata, G. januensis, Festuca xanthina, Linum uninerve and Campanula kladniana. According to Coldea (2015) it is included in the alliance Seslerio rigidae-Pinion sylvestris Coldea 1991 together with the surrounding forests dominated from Pinus sylvestris. This alliance and communities does not occur in the geographical region of Bulgaria.
The forests of Pinus nigra subsp. pallasiana are represented from one association in Ukraine only in southeastern part and the Crimean Peninsula (Didukh 2003) . But it is very specific and separated in different alliance and even order Pinetalia pallasianae-kochianae Korzhenevsky 1998 (see Mucina et al. 2016 ) also enoughly different from the Balkan communities.
The ecology and classification of the forests of Pinus nigra subsp. pallasiana in Greece is discussed in several publications (see Barbero & Quezel 1976 , Bergmeier 1990 , Dimopoulos & Georgiadis 1995 , Dimopolous et al. 1996 , Brullo et al. 2001 . For example, Bergmeier (1990) has corrected some of syntaxa described by Barbero & Quezel (1976) Mucina et al. (2016) as relict supramediterranean Hellenic fir and Black Pine forests. In spite of sometime similar ecological and floristic structure of these communities to the Bulgarian Black Pine forests they belong to the typical oro-mediterranean forest vegetation.
The last conception is especially the association Seslerio robustae-Pinetum pallasianae from Kato Olimbos to be included in the alliance Chamaecytiso hirsuti-Pinion pallasianae Barbero et Quézel 1976 (Mucina et al. 2016 . Such communities from Peloponissos (South Greece) are represented from two associations (see Dimopoulos et al. 1996) . The associations Cicero graeci-Pinetum pallasianae Dimopolous et al. 1996 is a part of evergreen vegetation from Quercetea ilicis, while the association Crataego pycnolobae-Pinetum pallasianae Barbero & Quezel 1976 represents xerophilous decidouous forests from Quercetea pubescentis but the relict supramediterranean alliance Abietion cephallonicae Horvat et al. 1974 . The association Pyrolo chlorantae-Pinetum nigrae from Mt. Parnon (Peloponissos) also is within Abietion cephalonicae (Bergmeier 2002 ) which alliance does not occur in Bulgaria.
Very complicated is the situation in Turkey, where the subspecies Pinus nigra subsp. pallasiana is widespread and participates in many different syntaxa, which have been summarized mainly in the work of Ketenoğlu et al. (2010) . More than 33 associations have been described there and all of them represent the xerophilous deciduous vegetation of Quercetea pubescentis (see Akman et al. 1979 , Quézel et al. 1980 Quézel et al. 1980 and the alliances Carpino betuli-Acerion hyrcani Quézel et al. 1978 , Cisto laurifolii-Pinion pallasianae Akman et al. 1978 , Quercion anatolicae Akman et al. 1979 . These ones from the western and central parts belong to another order Querco pseudocerridis-Cedretalia libani Barbéro et al. 1974 and its alliances Abieto cilicicae-Cedrion libani Quézel et al. 1978 , Lonicero nummulariafoliae-Cedrion libani Quézel et al. 1978 , Ostryo carpinifoliae-Quercion pseudocerridis Quézel et al. 1978 and Adenocarpo complicati-Pinion pallasianae Quézel et al. 1978 . Additional fact which limits any comparisons of these communities of Black Pine to those of the central Balkans is that many of these associations have not been described according to the rules of the ICPN (Weber et al. 2000 Akman et al. 1983 , Pinus nigra subsp. pallasiana-Anthyllis vulneraria Akman & Aydogdu 1986, etc . Some of them also are only on the level of community. But it is undeniable that their syntaxonomical position based on the floristic structure and ecological peculiarities is very different comparing with the Black Pine communities in Bulgaria and the Balkans, in general.
The main conclusion from the analysis is that the Black Pine forests in Bulgaria are enough specific to be new syntaxa or to expand the range of distribution of some already described associations, endemic to parts of the Balkans. It emphasizes their significance not only as relict communities with limited distribution but also as important part of the natural vegetation. According to Roussakova & Valchev (2015) the Black pine forests are also an important edaphic and hydrological factor and also some rare and protected plants occur in them. Sample plot (sq. m) 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600
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